Objective: Mutations in the HSD11B2 gene (encoding human 11b-hydroxysteroid dehydrogenase type 2) explain the syndrome of apparent mineralocorticoid excess where cortisol acts as a mineralocorticoid. A microsatellite marker within the HSD11B2 gene associates with salt sensitivity and hypertension -phenotypes characterising diabetic nephropathy. Here, we evaluate the HSD11B2 gene as a susceptibility locus for diabetic nephropathy. Design: 150 patients with type 1 diabetes and nephropathy (DN), 145 patients with type 1 diabetes with a long duration of non-nephropathy (LDNN) and 151 normal controls were studied. Methods: We determined allele frequencies for the (CA) n repeat marker within intron I of the HSD11B2 gene. Duration of type 1 diabetes, diabetic status and renal function were recorded. Results: 11 alleles (138 -158) for the marker were observed. Allele 152 was significantly increased in controls compared with LDNN (70.5% vs 57.6%, P c , 0:05 where P c is the P value corrected for multiple comparisons) but no difference was observed between DN and LDNN subjects. Allele 154 was significantly increased in the LDNN compared with the DN subjects (15.9% vs 7.0%, P c , 0:01) but no difference was observed between DN and controls. A greater proportion of subjects carried at least 1 allele ,152 in DN compared with control subjects (47.3% vs 28.5%, P c , 0:01), but no difference was observed in LDNN compared with control and DN subjects. Conclusions: Weak associations are reported between the HSD11B2 gene, type 1 diabetes mellitus and nephropathy. The increased frequency of HSD11B2 short alleles in the diabetic groups may reflect reduced renal 11b-hydroxysteroid dehydrogenase type 2 (11b-HSD2) activity and may, in part, explain the enhanced salt sensitivity observed in patients with type 1 diabetes.
Introduction 11b-Hydroxysteroid dehydrogenase type 2 (11b-HSD2) plays a crucial role in converting hormonally active cortisol to inactive cortisone, thereby conferring specificity upon the mineralocorticoid receptor (MR) (1) . Mutations in the gene encoding 11b-HSD2 (HSD11B2) account for an inherited form of hypertension, the syndrome of 'apparent mineralocorticoid excess' (AME) where cortisol induces hypertension and hypokalaemia (2 -4) . A similar clinical picture occurs following the ingestion of liquorice and carbenoxolone, which are competitive inhibitors of 11b-HSD2 (5) . The principal site of 11b-HSD2 expression is the kidney, and inhibition of the enzyme has also been documented in patients with non-diabetic renal disease and nephrotic syndrome (6) , suggesting that impaired cortisol metabolism may contribute to sodium retention in these conditions. Conversely, loss of 11b-HSD2 may predispose to renal disease. Thus, patients with AME display abnormal renal histology with interstitial fibrosis (7) and recombinant mice lacking the gene encoding 11b-HSD2 show hypertrophy and hyperplasia of the distal nephron (8) . These observations highlight the potential importance of 11b-HSD2 expression in renal physiology.
Diabetic nephropathy is the most common cause of end-stage renal failure in the Western world and one which contributes to the excess morbidity and mortality of patients with type 1 diabetes (9). Genetic factors are thought to contribute to the pathogenesis of nephropathy, as demonstrated by familial clustering of nephropathy (10) . Earlier studies from our group have evaluated a series of candidate genes including the angiotensin converting enzyme, angiotensinogen (11) and the angiotensin II type 1 receptor (12) .
Although the underlying pathogenesis of nephropathy is unclear, an increase in exchangeable sodium accompanied by extracellular volume expansion has been documented and may contribute to the blood pressure rise associated with microalbuminuria (13, 14) . Mechanisms responsible for this aberrant sodium retention are poorly understood, although increased renal tubular sodium resorption may play an intrinsic role. In particular, salt sensitivity in type 1 diabetic patients is associated with the development of nephropathy (15, 16) . Recent data have revealed that salt sensitivity is associated with polymorphic markers in the human HSD11B2 gene (17, 18) . In particular, shorter alleles for an informative microsatellite (CA) n repeat marker within intron I of the HSD11B2 gene predict salt sensitivity and are associated with reduced 11b-HSD2 activity as inferred from urinary cortisol/cortisone metabolites (17) . Finally, angiotensin converting enzyme (ACE) inhibitors are known to increase renal 11b-HSD2 activity (19, 20) and this, in part, may explain their protective effect against nephropathy.
On this basis we have formulated the hypothesis that reduced 11b-HSD2 expression may play a role in the pathogenesis of diabetic nephropathy. This may result in salt sensitivity with predisposition to hypertension or may contribute to the development of nephropathy itself. Here we assess the frequency of a (CA) n dinucleotide microsatellite repeat located in the first intron of the HSD11B2 gene with the aim of determining whether polymorphisms at this microsatellite locus are associated with diabetic nephropathy in a cohort of type 1 diabetic patients.
Materials and methods

Subjects
The patients in this study have been described previously (11) . Briefly, two white Caucasian type 1 diabetic cohorts and a non diabetic control group were analysed. Group 1: type 1 diabetic patients with nephropathy (DN) classified by the presence of persistent proteinuria (in the absence of other causes), retinopathy and hypertension ðn ¼ 150Þ: Group 2: type 1 diabetic patients with long duration non-nephropathy (LDNN), i.e. without evidence of nephropathy for at least fifteen years post diagnosis ðn ¼ 145Þ: Group 3: non-diabetic adult control subjects recruited from the Blood Transfusion Service in order to determine allele frequencies in the background population. These subjects had no known first-degree relatives with type 1 diabetes ðn ¼ 151Þ:
Automated fluorescent genotyping and analysis of PCR product containing the HSD11B2 (CA) n repeat sequence Each cohort was analysed using an ABI Prism 377 DNA sequencer (Applied Biosystems) for microsatellite repeat length variation. The PCR product for each subject was mixed with the internal size standard (Applied Biosystems) labelled with TAMRA red fluorescent dye. The mixture was then resolved by electrophoresis on a 5% denaturing polyacrylamide gel. The internal size standard was used to create a calibration curve of peak arrival time which, in turn, was used to calculate the length of microsatellite repeats automatically using ABI Genescan and Genotyper software (Applied Biosystems).
Statistical analysis
The differences in clinical characteristics were analysed using the Student's t-test. Genotype frequencies were compared using the chi-squared test and Fisher's exact probability test. A probability of less than 1 in 20 ðP , 0:05Þ was taken to be significant. Appropriate corrections were carried out for multiple comparisons (P c ) regarding the number of alleles analysed to ensure accurate significance values.
Results
The clinical characteristics of the type 1 diabetic cohorts are shown in Table 1 . No significant differences were observed between the LDNN and DN groups in HbA 1c, age and duration of diabetes. Significantly higher serum creatinine, and diastolic blood pressure were seen in the DN compared with the LDNN group ðP , 0:01Þ indicative of their nephropathic status. The diabetic groups were well matched for gender and age. Controls were matched for age and sex as closely as possible. They were not diabetic or hypertensive (data not shown).
In total, eleven alleles were observed at the HSD11B2 (CA) n microsatellite locus within intron I when groups 1, 2 and 3 were analysed, these were termed alleles 138 -158 (PCR product length) corresponding to 13 -23 (CA) n dinucleotide repeats respectively. The heterozygosity index for the (CA) n repeat marker in this study was 0.60.
The distribution of allele frequencies in all three groups is summarised in Table 2 . Allele 152 was over represented in control subjects compared with LDNN subjects (70.5% vs 57.6%, x 2 ¼ 10:8; P c , 0:05) but no significant differences were observed between the DN and LDNN subjects for this allele. Allele 154 was significantly increased in the LDNN subjects when compared with the DN subjects (15.9% vs 7.0%, x 2 ¼ 11:5; P c , 0:01) but not when compared with the controls (15.9% vs 9.3% P c , 0:1) ( Table 2) .
Due to the established association between shorter alleles for this (CA) n repeat and reduced 11b-HSD2 activity as previously reported by our group (17), the frequency of subjects carrying at least 1 allele ,152 in length was compared between the three groups. A greater proportion of subjects carried at least 1 allele ,152 in the diabetic nephropathy group compared with control subjects (47.3% vs 28.5%, x 2 ¼ 11:37; P c , 0:01) but not in the LDNN group when compared with controls (40.0% vs 28.5%, x 2 ¼ 4:37; P c , 0:07). There was no difference seen between the DN and LDNN groups (47.3% vs 40% P c , 0:3) (Fig. 1) .
Discussion
Diabetic nephropathy affects up to 40% of all patients with type 1 diabetes and sibling and family studies suggest that genetic factors play a role (21 -24) . Systems that control sodium and extracellular volume homeostasis such as the renin -angiotensin system are relevant for genetic study in diabetic nephropathy because of an association with reduced plasma renin activity and hypertension. Therefore, there are sound reasons for evaluating 11b-HSD2 in this regard. This enzyme plays a crucial role in regulating mineralocorticoid hormone action within the kidney by inactivating cortisol to cortisone, enabling aldosterone to occupy the mineralocorticoid receptor (5). Congenital deficiency due to mutation of the HSD11B2 gene results in mineralocorticoid hypertension (AME). Biochemical studies suggest impaired 11b-HSD2 activity in patients with 'essential' hypertension (25) , and although genetic linkage studies with the HSD11B2 gene have been negative (26) , association of 11b-HSD2 with intermediary hypertensive phenotypes has been reported. Watson et al. have demonstrated an association between the HSD11B2 gene and nephropathy in Blacks (27) . Two separate studies have evaluated a microsatellite within intron I of the HSD11B2 gene, and have documented a genetic association with salt sensitivity in both normal subjects and patients with hypertension (17, 18) . Short microsatellite alleles were over represented in saltsensitive compared with salt-resistant subjects. The same phenomenon was observed in Blacks compared with Caucasians (17), in keeping with predisposition to low-renin, salt-sensitive hypertension observed in Blacks (28) . Furthermore, short alleles were associated with reduced 11b-HSD2 activity, providing a genotype/phenotype relationship (17) . A link between impaired 11b-HSD2 activity and renal disease is also emerging. Patients with AME, together with mice lacking the HSD11B2 gene, have abnormal renal histology that cannot be explained solely by hypokalaemic nephropathy. Finally, 11b-HSD2 activity is reduced in patients with nephrotic syndrome (6) partly explaining the intense sodium retention observed in this condition.
Type 1 diabetic patients show increased sensitivity to salt, more marked in patients with microalbuminuria (29, 30) but the cause remains unclear. Our hypothesis was that reduced 11b-HSD2 activity may play a role in the pathogenesis of nephropathy in patients with type 1 diabetes or may contribute to the increased salt sensitivity that characterises diabetic nephropaths.
The variation in allele frequencies of a microsatellite marker in the first intron of the HSD11B2 gene indicated weak association with type 1 diabetes and diabetic nephropathy.
Differences in the distribution of the 152 allele were observed between LDNN and non-diabetic control subjects suggesting that the HSD11B2 locus may act as a susceptibility factor for diabetes. Both 11b-HSD isozymes have been documented in the pancreas (31, 32) , but to our knowledge 11b-HSD2 is not expressed in pancreatic islet cells. Allele 154 was significantly over represented in the LDNN group when compared with the DN group but not when compared with the control group, suggesting that this genotype may protect against nephropathy in a diabetic group. This may be of borderline significance in that the DN group had no difference in allele 154 frequency compared with the control population.
Although there were minor differences between controls, DN and LDNN subjects in the distribution of the 152 and 154 alleles, further analysis demonstrated a significant increase in the number of the DN group carrying shorter alleles compared with non-diabetic controls ðP c ¼ 0:01Þ: Although a similar trend was observed in the LDNN group, this was not significant Figure 1 Frequency of subjects carrying at least 1 allele ,152 bp in length. P values were calculated to test for real differences in allele frequencies. There is an increase in the frequency of carriers in the DN group, *P c , 0:01 vs controls.
ðP c ¼ 0:07Þ: Thus the type 1 diabetic population demonstrates a HSD11B2 genotype similar to saltsensitive Caucasians and hypertensive Blacks (17) . However, the lack of statistically significant differences between the DN and LDNN groups equally suggests that this may reflect the underlying diabetic state rather than nephropathy per se. Subjects within the LDNN group could, in time, progress to nephropathy and further genetic studies with greater power to detect association are required, if possible supported by biochemical data. Unfortunately, the subjects evaluated in this study were from a historical cohort and 24-hour urine collections were not available for analyses. However, Homma et al. demonstrated evidence for reduced 11b-HSD2 activity in patients with diabetes mellitus and this was more marked in the subjects with renal failure (33) . A reduction in renal 11b-HSD2 expression has also been documented in hypertensive, insulin-dependant diabetic rats (34) , where corticosterone (the equivalent of cortisol in the rodent) may act to cause mineralocorticoid-mediated sodium retention and hypertension as a consequence (35) . Finally, it is known that ACE inhibitors increase renal 11b-HSD2 activity (19, 20) and it is exciting to speculate that the renal protective effect of ACE inhibitors in patients with type 1 diabetes may be mediated by this mechanism.
In conclusion, association between diabetic nephropathy and the HSD11B2 locus is marginal, with the observed variability between groups is suggestive of HSD11B2 being more of a factor in type 1 diabetes susceptibility. The HSD11B2 locus should not be dismissed as a candidate gene for nephropathy but its role appears to be less important in the light of these data. Our genotypic data suggest that patients with type 1 diabetes, independent of nephropathy, may be salt sensitive; this may have a detrimental role in terms of predisposing to hypertension, but equally may be an important constitutional factor favouring sodium retention and protecting against dehydration in a ketosis prone patient.
